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力的一类电池，本文从提高 CIGS 太阳能电池效率和降低 CIGS 太阳能电池制造
成本两个大方向出发，针对铜铟镓硒薄膜太阳能电池的钼背电极分别做了两个方
面的研究。第一个方面是利用磁控溅射掺钠钼靶材沉积掺钠钼膜，将钠元素引入






然后硒化的方法制备了 CIGS 吸收层，采用热蒸发后硒化法制备了 CIGS 太阳能
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Abstract 
Recently, CIGS thin film solar cell was considered to have big potential and 
prospective future. In this article, in order to improve the efficiency of CIGS solar cells 
and decrease the manufacturing cost of CIGS solar cell, two areas of research were 
conducted for the molybdenum electrodes of CIGS solar cell. One area is, through 
magnetron sputtering MoNa target, sodium was introduced into CIGS absorbing layer 
to improve the efficiency of the cell, we have explored the influence of sodium upon 
CIGS absorbing layer and efficiency of CIGS solar cell. The second area is, through 
the utilization of molybdenum paste, molybdenum films were deposited on ceramic 
substrates. Molybdenum films were annealed at high temperature, and the influence of 
high temperature annealing upon molybdenum films properties were investigated.  
MoNa target and Mo target were used for the DC sputtering of MoNa films, the 
best structure of MoNa films is a kind of laminated construction of Mo/MoNa/Mo, the 
amount of sodium dopped into film was controlled through the change of the thickness 
of MoNa films. CIGS prefabricate layers were deposited on MoNa layers, the layers 
formed CIGS absorbing layers after selenizing. CIGS solar cells were prepared by 
thermal evaporation post-selenizing on MoNa layers. Through representation of CIGS 
absorbing layers and CIGS solar cells, the conclusion was drawn, in experiment 
conditions of this article, the best sutructure of MoNa layer is from the bottom up 
respectively: 800nm Mo film/80 nm MoNa film/100nm Mo film. 
High temperature resistant ceramic substrates were chosen for the deposition of 
molybdenum paste, and the molybdenum films were deposited with scraper and silk-
screen printing. The molybdenum films were annealed at high temperature 
(800~1200℃) after stage drying. The microstructure of the films was observed through 
SEM, meanwhile, electrical conductibility test and adhesion test were commissioned. 
By analyzing the result of tests, the samples annealed temperature of 1000℃ was 
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Another reason to choose ceramic substrates was that ceramics were considered as 
regular building materials, the deposition of molybdenum films on ceramic substrates 
might help the researches of BIPV. 
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能源研究中心(ZSW)于 2013 年 10 月宣称该中心使用共蒸发工艺，制造出面积为




1.2 太阳能电池工作原理及 CIGS 太阳能电池 
1.2.1 太阳能电池工作原理 
室温下电子数多于空穴数的半导体称为 N 型半导体，空穴数多于电子数的

















半导体的情况与 N 型半导体正好相反，P 型半导体与 N 型半导体紧密接触便形








光生电子向 N 区流动，由此形成一个光生电动势，这就是 P-N 结的光电效应。






电子和光生空穴被 P-N 结内电场分离 
Fig. 1.1 The generation of photoproduction electromotive force: (a) The generation of 
photoproduction electronic and photoproduction hole with the light; (b) 
Photoproduction electronic and photoproduction hole are separated by internal 




















图 1.2 太阳能电池工作原理图 
Fig. 1.2 The diagram of working principle of solar cells 
 
1.2.2 CIGS 太阳能电池简介 
CIGS 太阳能电池已有了半个多世纪的历史。1953 年，德国科学家 Hahn 首
次合成了 CuInSe2 材料[5]；1976 年，Kazmerski 等在镀金的玻璃上，使用共蒸发
法合成了第一块太阳能电池，效率为 5.7%[6]；1982 年，Mickelsen 和 Chen 用钼
作为衬底，使用共蒸发法制得了效率为 9.5%的 CIGS 太阳能电池，以钼作为 CIGS
太阳能电池衬底的做法沿用至今[7]；1994 年，美国 NREL 发明了三源共蒸发法，
改善了 CIGS 薄膜的质量，CIGS 的晶粒尺寸显著增大，并得到了效率为 16.4%
的 CIGS 太阳能电池；目前 CIGS 太阳能电池最高效率已达到 20.8%，为德国巴





















极、CIGS 吸收层、缓冲层、窗口层、MgF2 减反射膜、NiAl 电极，如图 1.3 所示。 
 
 
图 1.3 CIGS 薄膜太阳能电池结构图 













的载流子复合，提高器件的电性能；（4）钼膜与 CIGS 光吸收层间能形成 MoSe2，


















1.2.2.3 CIGS 吸收层： 





一个硒原子[4,11]，如图 1.4 所示。 
 
 
图 1.4 CuGaxIn1-xSe2 晶体结构图 
Fig. 1.4 The crystal structure of CuGaxIn1-xSe2 
 
CIGS（CuGaxIn1-xSe2）和 CIS（CuInSe2）都是直接带隙半导体材料，CIS 的
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